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PROBLEM TO BE SOLVED: To provide the angle demodulator which can correctly demodulate an 
angle- modulated wave even if the phase of the anglemodulated wave is shifted by >=2&pi radians. 
SOLUTION: An FM-modulated wave is converted to a digital IF signal, which is supplied to a Hilbert 
conversion part 81 and an outer product arithmetic part 82. The Hilbert conversion part 81 shifts the 
phase of the IF signal by 90 deg. and supplies it to the outer product arithmetic part 82. An integration 
part 84 calculates the phase of a cosine wave of angular frequency that is specified by a frequency 
control part 83 and a phase conversion part 85 calculates momentary values of the cosine wave and the 
signal generated by shifting the phase of the cosine wave by 90 deg. and supplies them to the outer 
product arithmetic part 82. The outer product arithmetic part 82 supplies the outer product of a vector 
including the values of the IF signal and the signal from the Hilbert conversion part 81 and a vector 
including the value supplied from the phase conversion part 85. A frequency control part 83 determines 
the value of a angular frequency by performing proportional and integral control over the external 
product and supplies it to the integration part 84. A digital signal representing the value of the angular 
frequency is converted from digital to analog and reproduced as a sound. 
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m*m-tiEim<omz%ftmmi<o <n> sr&ssu <» 

(n) 0MZiZ-fT<i''?frm^t:£j&LX. «#gf58 

( n ) COST'S) 9 . f s (2±MOiI9A/D38Hfs7 
[00 64] 

[Si 53 co (n) =00 (n-1) + Aco (n) 



fcfc'U Aco (n) =K P • e (n) +Ki ■ ( 1/ 
f 8 ) " 2e 

[0065] 9 » A» ( n ) l±. e ( n ) fcjfc 

0W4«fc. e (n) £^WOl#LfdIi:C0;ftl£;« 
LTV^. -r&fc^ co (n) Offiti. e (n) fcHit 

mzttwm-ftftm (p ifflw) zm-ztizz^xm® 

[00661 ±aOfflO s co ( n ) it. I F«#<7)«BE 

fflS! ( n ) tfifyyv vy%ixtz.m&iztmz> 1 f<e 
^<nftffim&?>mzim.-tz>. if«-^^ji 

t«« % -r^^^s s*u 6co«*ja^-ttt^ii«w 

[0067] 
[SI 6] 

w (n) =d {* (t ) }/dt 
= <o c + [ S • co p • c o s { co p • ( n/f 8 ) } ] 
= 6o c + [co d ■ c o s {co p - ( n/f s ) }] 
jfcJt'U t = n/f s 

[0068] S*U 6oa*r2C^il&J:3^. co 

^iifi^T'^s AFfi-^cifcM-rsm^Srifvry 
ji^s f a xr?>? 0 >i/Ltzhcr>i l z^co e zmz-tim 

HSffH^U^. H-^T. co (n) cOffl(7)3Sa[^^ 

f s x°yyTv yfLxnbti&mizm'RmzttM? 

[0069] ^Tfc, co ( n ) COtt*^J ( n/f . ) (3 

i Ffi^co^jg&scotftcitK^-rs»*. -5-coa 

^ffiT-fci. 6 ( n ) cDffil*. BftN ( n/f . ) {Z&tfh 

iFm*7<nim<mizwm-t$>. zlx. e (n> <w. 
>on&m<vmwiz^xit. Mz.imm?)±mkTmt 

[0070] mtz^Amm^comco ( n > srii^s^v: 

«#SP84«. ^ (n) &*»4±34«0*J«(ca!VV 

<9 (n+1) &*a6?». -?-tt. «^-gP84{i. *46A> 
ixted ( n + 1 ) <7)tt5r«-fx-f ^'^/Hl^-Sr^L. 
«a»fflMB8 5fc«l^4. ■tMSE««8 5tt. I 
i ( n ) Mf I g ( n ) ZlZtbh l&CVZ-mzfe-oX 6 
( n+ 1 ) <^B»lfIEB<0**mrU »4><lfe*tt 
fcttMtSttl i ( n + 1 ) fc . fl^^fejEKCJtWr 

sffi i b ( n + 1 ) t zm?£?m^RViEmm^z± 

*L, H«JS»SB8 2 fcflttfrf* . 
[0071] WffifWff 8 2«, affl^SP8 5 J: 0 I 
! ( n+ 1 ) RTf I Q ( n+ 1 ) cr>m*M%-t \ A 
/D^§|7j:0. Sj (n) cT>mzy>7V>7-Ztl 
tttEmSi (n+1 ) CO-tt^ft. ttz. tjUKiU 
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h$ZWi38 1 J: 0 . Si ( n + 1 ) #h r-^&S 
ftfctS**frt-*S Q (n+1) *LT. 
*HWBHK8 2tt, e (n) «>ttfr*«>4_ki&0*IQlfc 
H«tcl/C. [Si (n+1 ) , S, (n 

+ l)]&tf[Ii(n+l), I o (n+1) ] CD?h« 
e (n + l)*«A. Jf»ESc$(JPg|58 3fc, e (n + 

i) nmrnm-h. 

[00 7 2] OT. FM8CM&8»4. A/D3S&S7# 

a> (n) D/A^S9(Cli»:«^-r-l). 
[00 73] D/A^g|SS9{4. FM«IBgg8<9jfi&& 
$llffll^8 3*^|Z#L7tffla) (n) ^T+o^«Efflfc 

tyyuy/Mii/f.s^ AFii<§si 
ofcrawrr*. AFtiliSioti. d/a^M§9*>a> 
A2jLfcft^£tB«SLTXtr-;&l l£®fi&U xt- 

# i i a»\ msfcv&mjB&tt-pk. t-cw^-rs . 

[0074] iaL^J: 3 fc. 6) ( n ) <DttO£8EJ£# 

ti. 3e«LfcFMsa«fe<«ai«-9t=JtffiW-4«^t. 
f Mggis&c7)^pft-f-c7)jg^jgt^+>f *.x h js»*J2LL 

-CS>&. ftoT. Xb'-#1 lf4. «B#5l^teJMr») 
[00 7 5] ^C0FMSflM<7)«^{±. ±3&<Dh 

<7)izmt>ti%w man. ^>Tvy^m^m^6 

FM«tSg§8<7)— g&X{4r£giH4. DSP (Digital 
Signal Processor) ^>CPU (Central Processing Uni 
t) frt>m&ZtLT^Xt> iV>. 
[0 0 76] t;Ky^»8 1fi. A/D^ 

S PM ( t ) = S • c o s { <£ PN ( 
= S • c o s { ( &) c ■ 
= S • c o s [ ( s) c ■ 
[00 83] a^4*fcA/D38aB7t=*fc$*L4 

I F«^|»ttMfctf l 8 satiate: «t o^s^st 

(n> a, mmmzm&i 9co&t>mz£<omztiz>. 

[0084] 
[Rl 9] 

co (n) =d {*,„ (t) > /dt 

= w c - [oj p • p d • sin {<w p - ( n/f s ) } ] 

JtrtfU t = n/f 3 

[0085] -E-LT. PM^aPS58 6^7-fe-y h|g 
56SB8 6 1 ^^•r&7 ? 4 S^/H3#«0tf «» c < n ) 



[0077] 03CSrf idt*. ClOFMSftm 

tt, Ji]^*IIii9&8 3£D/A^}^9fc^l^PMj£ 
mms$*W$t?Z>Zt),z£ 0. PM (Phase Modula 
tion) & (fflflSSlft) *aSW4J:dfcUrt>J:Vi. 

PMMfsiiSP8 6ti. m*-?z>£oiz^ muf. *7-t 
*l «r^ut^s(cij^T<4. PM&«f«gB8 6#7 r 
[oo78im7 hi&eg&s 6 1 a. mmmmu 

8 3 «fc 9 . ffi^'oo (n)t'Mf^ ->'?/Wi^-£JBtf§L 

( n ) Offl$rK1t^-S . frfc&T 4 S^/l/®* 

6> (n) <0«W*«PPi&*tfttU «ajS<T.fc«*. * 
t,ffL<JlX#t7t60 ( n) <0«*»fel6Lgi*, H^ffloo 
ac ( n ) *tt74i?*MMtt£&LX. firffltrSCSP 
8 6 2 . o) flC ( n ) tf)®4. to ( n ) OfflHP 

[0079] (ifflff»g|58 6 2t4. £KH£K#aF8 4 
fclsi-^W^Sd. -T=5ri?*>. fifflfttff&8 6 2(4. 

( n ) x'hh?* ! Jf)vmmffmztiz> t . 
asi 7«*iaic<t'5*$ii4ffi^p W (n) £fr£-t 

4. Cotton (n) (4. o> flC (n) <0ttfr»#U;* 

iznmwtzmLw 

[0080] 

[»1 7] <9p„ (n) =<9 PB (n-1 ) + ( l/f s ) 
• &) AC ( n - 1 ) 

[0081] OT. 3fS?£§4l£-r6*:#>. SdL^(2 

*a^p*^^m#{4a*6fc:«to^^sffiv (t) 
mmMz^MLxm^iiz i Fm^nmnt izmf&m 

^ffl2rS PB (t) bL. mfflmzvit-tht. S PB 
( t ) coma. 8eU ScoSirffl^J: 
[0082] 
[&18] 

t) > 

t) + Pd ■ v (t) } 

t) + Pd • cos { <0>p • t ) ] 

i4. n«wfc»^2 on&mizx omztiz. 

[0086 ] 

[SC2 0] «o ftC (n) =— [co p • p d • s i n < co ? ■ 
(n/f.) > ] 

[ 0 0 8 7 ] -e LT. co AC ( n ) Offl*TO2 0O*i2 

P „ ( n ) coma. 1 cos*iaoffl{c^«^{c^L 

[0088] 
[»2 1] 

(9 PM ( n ) ^ S w AC ( t ) dt 
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= P d • c o s { co p • ( n/f 3 ) > +r 

[00 89] lfc>£2 lcoM.amiz9jkZiz&J:dlz. 6 tn 
(n) <0ffl{4. i<0FM5M«jWHlLfcPMifc«DS»| 

[0090] ftoT, 0 PB ( n ) <3tf«>$SElft4H*. 8 

v yrLx'&hix&mzmMmzitmth . £<o 

*S*. xtr-^i 114, £fftfsii(cg£9**j££ft 

[0091] fcfc. 0 PB < n ) cOBXOW&ffiOffifflfco 
WHi, <*U{;fi£ffi^±ISkTKkc0^2*(c3iflRB£ 

T>&.±.m&LXi>. 0 fn (n) Offil4, *£g (n/f 

[00 9 2] 4fc, FMfIPIS8^^il|>b;K/Uh 

^gps i , wmsuma 2 , ffirauminirs 3 , 

gP8 4&t/fiffl^g|SI58 5i4. T^n^HJS&J: K>ffif8.i$ 

-j-ovctj^u n-mmn$$82i±. T+wf&m 

i: «JH3Kfc "O vet * «#3B84t4. 

mffi^Jffl^SIUSS (VCO) m^tuttJ:v\ £ 

mmt$tm&8 3it. mz.im4izm-t±diz. n 

4HHB8 3 1 k . 4NBm»8 3 2k. Jn»®SS8 3 3 a 
tX834k, 51Sig»8 3 5k*>^oTV^Tt,J:V>. 
[ 0 0 9 3 ] £*>FM»1W4, fSP*t«cD:ftJK 

^iB^2rryx-M*^A^^i>^{4^<. MiJf. 

[ 0 0 9 4 ] «Hft#{4. *M»(cRkM\ 

wmm^x'$>-?xh^\ WMizxvwmm^ 
^^mnm^mmt. xt--*i nz 

ft*. CRT (IftSfl*) at^CRT<7)|g|6I5I 

tr-# l lfcrfU.. aM£#££(cftM?*flQN»&fll 
[0095] ULh, i<!OJSWt:3&»j&»6ftJJiaHH«:»« 

»7D/7Ai(§«l»(7D7f-fU; i c 

D-ROMf) *^IS7-a^7A5r-f yXh-;Uf 



,Ik#T-£.5. 

[0096] 3ytfa-^t;7D/7A^«fet 
9 . aft^XxAcoi die. -^Wa-^MKlW^raT' 
(BBS) KfgTo^AtrS^U ,1*1 

ro^A&jgi&u ostfMBMrFic. ffecorry^r- 

^H>To^7AkRI«(c:|ltT-r-5.^kCJ:0. _B£<9 
[ 0 0 9 7 ] ftfc. O S#*!yic7)-g|$£#fi-f 

grew, zmmmmzii. ay^^-^t^mrrh^ 
frtustcok-rs. 

[0098] 

h. 

[an ^ nm^vrnfommzfrfrh f Mgfi«tfoa 

[H2] FM«pgKo|^B|6t|ffi^5r^-ryn-y^l2-CS) 
[03 ] 0 1 WFMSSfWk^eBMt^rov ^HT 

[ 04 ] m mmm®<7y$mm*^ /d -y ^ ht-^ 

[05 ] ^*£7)FMaWSC0««^^-f 7U -y?mx'h 

s. 

[^tfOSJBB] 

1 T>-7^ 

2 lairamss 

3 RP4Niff 
4 

5 ^SP^ISS 

6 y-yrvyrmmm 
s 

7 A/D3E8HI 

8 FMfSMSi 

8 1 t/i^/ph^gp 

8 2 fmmn& 

8 3 iH^m$i|fflISP 
8 3 1 

8 3 2 ttgmsg 

8 3 3. 8 34 tmrnss 

8 3 5 
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862 
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102 
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106 
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CO 






SS 
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DE 
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x 
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[03] 
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